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(57) ABSTRACT 
An information processing unit includes a processing unit 
including a plurality of processor cores; and a power con 
Sumption reduction device configured to reduce power con 
Sumption of the processing unit. The power consumption 
reduction device measures the loads on threads that are run 
ning in the plurality of cores; checks the number of high load 
threads which are threads in a high load state and the number 
of low load threads which are threads in a low load state for 
each core, on the basis of the measuring results; selects, when 
there exists a core having high load threads whose number is 
less than a preset threshold on the number of high load 
threads, the core as a candidate core; and replaces the high 
load threads existing in the candidate core with the low load 
threads existing in other cores when the total number of the 
low load threads in a core other than the candidate core is not 
less than the number of the high load threads in the candidate 
COC. 

8 Claims, 5 Drawing Sheets 
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FIG. I. 
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POWER CONSUMPTION REDUCTION 
METHOD OF SWAPPINGHGH LOAD 

THREADS WITH LOW LOAD THREADS ON 
A CANDDATE CORE OF AMULTICORE 

PROCESSOR 

This application is based upon and claims the benefit of 
priority from prior Japanese Patent Application No. 2010 
047959, filed on Mar. 4, 2010, the disclosure of which is 
incorporated herein in its entirety by reference. 

TECHNICAL FIELD 

The present invention relates to an information processing 
unit including an SMT (Simultaneous Multithreading)-en 
abled CPU (Central Processing Unit) and its power consump 
tion reduction method capable of realizing power consump 
tion reduction effective for the same only by adding a simple 
function. 

BACKGROUND ART 

There is known a CPU including a function of shifting to a 
power saving state when in a low load condition so as to 
reduce power consumption. An example of a technique con 
cerning such a CPU is disclosed in PTL 1 (refer to paragraphs 
0002 to 0012). In the technique disclosed in PTL 1, a 
power-saving control self-diagnostic device stores the num 
ber of times of transition to a power saving state as a flag and 
determines that the operation rate of the CPU is high when the 
flag is 0, which indicates that the transition to the power 
saving state has never been performed. When it is determined 
So, an alarm is issued so as to detect a state where the opera 
tion rate of the CPU is high. 

CITATION LIST 

Patent Literature 

{PTL 1 JP-A-2009-163523 
SUMMARY OF INVENTION 

Technical Problem 

As described above, there is known a CPU having a func 
tion of shifting to a power saving state when in a low load 
condition so as to reduce power consumption. Further, there is 
a case where a CPU having such a function is provided with 
a plurality of CPU cores. 

However, when an SMT function, which allows simulta 
neously a plurality of threads to run on a single CPU core, is 
used in the CPU provided with a plurality of CPU cores, a 
certain problem occurs. That is, a CPU core having even only 
one high load thread cannot shift to the power saving state. 
An exemplary object of the present invention is therefore to 

provide a power consumption reduction method for an infor 
mation processing unit having an SMT-enabled CPU, a power 
consumption reduction device, and a power consumption 
reduction program capable of allowing even a CPU core 
having high load threads to shift to a power saving state. 

Solution to Problem 

According to a first exemplary aspect of the present inven 
tion, there is provided an information processing unit com 
prising: a processing unit including a plurality of processor 
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2 
cores; and a power consumption reduction device configured 
to reduce power consumption of the processing unit, wherein 
the power consumption reduction device: measures the loads 
on threads that are running in the plurality of cores; checks the 
number of high load threads which are threads in a high load 
state and the number of low load threads which are threads in 
a low load State for each core, on the basis of the measuring 
results; selects, when there exists a core having high load 
threads whose number is less than a preset threshold on the 
number of high load threads, the core as a candidate core; and 
replaces the high load threads existing in the candidate core 
with the low load threads existing in other cores when the total 
number of the low load threads in a core other than the 
candidate core is not less than the number of the high load 
threads in the candidate core. 

According to a second exemplary aspect of the present 
invention, there is provided a power consumption reduction 
method for reducing power consumption of a processing unit 
including a plurality of processor cores in an information 
processing unit, the method comprising: measuring the loads 
on threads that are running in the plurality of cores; checking 
the number of high load threads which are threads in a high 
load state and the number of low load threads which are 
threads in a low load state for each core, on the basis of the 
measuring results; selecting, when there exists a core having 
high load threads whose number is less thana preset threshold 
on the number of high load threads, the core as a candidate 
core; and replacing the high load threads existing in the can 
didate core with the low load threads existing in other cores 
when the total number of the low load threads in a core other 
than the candidate core is not less than the number of the high 
load threads in the candidate core. 

According to a third exemplary aspect of the present inven 
tion, there is provided a non-transitory computer-readable 
medium stored therein a program for enabling a computer to 
execute a power consumption reduction method for reducing 
power consumption of a processing unit including a plurality 
of processor cores in an information processing unit, the 
method comprising: measuring the loads on threads that are 
running in the plurality of cores; checking the number of high 
load threads which are threads in a high load state and the 
number of low load threads which are threads in a low load 
state for each core, on the basis of the measuring results; 
selecting, when there exists a core having high load threads 
whose number is less thana preset threshold on the number of 
high load threads, the core as a candidate core; and replacing 
the high load threads existing in the candidate core with the 
low load threads existing in other cores when the total number 
of the low load threads in a core other than the candidate core 
is not less than the number of the high load threads in the 
candidate core. 

Advantageous Effects of Invention 

According to the present invention, replacement of the 
threads can be made in an appropriated manner, so that it is 
possible to solve a problem that a CPU core having even only 
one high load thread cannot shift to the power saving state in 
an environment where an SMT function is used in a CPU 
having a plurality of CPU cores. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 A view illustrating a basic configuration of an exem 
plary embodiment of the present invention. 

FIG. 2 A view (1/2) illustrating basic operation of the 
exemplary embodiment of the present invention. 



US 9,116,689 B2 
3 

FIG. 3 A view (2/2) illustrating basic operation of the 
exemplary embodiment of the present invention. 

FIG. 4. A view illustrating a configuration example of the 
exemplary embodiment of the present invention. 

FIG. 5 A view illustrating a configuration example of the 
exemplary embodiment of the present invention. 

FIG. 6 An image view concerning measurement of loads on 
threads in CPU in the exemplary embodiment of the present 
invention. 

DESCRIPTION OF EMBODIMENTS 

The outline of an exemplary embodiment of the present 
invention will first be described. In the embodiment of the 
present invention, first the loads on threads in each CPU core 
are measured. Then, it is conformed whether there is a high 
load thread in each CPU core or whether there is a CPU core 
having a low load thread that can be set as a destination to 
which a job is migrated. When the both exist, the high load 
thread is replaced with the low load thread as the job migra 
tion destination, and the CPU core that has become a low load 
state is shifted to a power saving state. 
As a result, the CPU can be shifted to the power saving state 

in an appropriate manner, thus making it possible to reduce 
power consumption of an information processing unit. 
The exemplary embodiment of the present invention will 

be described in detail with reference to the accompanying 
drawings. 
As illustrated in FIG. 1, a CPU 100, which is an exemplary 

embodiment of the present invention, has a CPU core 110 and 
a CPU core 120. The CPU core 110 has a function of execut 
ing threads 111 and 112 simultaneously, and the CPU core 
120 has a function of executing threads 121 and 122 simul 
taneously. The CPU corresponds to “processing unit' in the 
present invention, and CPU core corresponds to “core” in the 
present invention. 

For convenience of explanation, a case where one CPU has 
two CPU cores and each of the CPU cores has a function of 
executing two threads simultaneously will be described. 
However, this configuration is just an example and the con 
figuration of the exemplary embodiment is not limited to this. 
For example, as is clear from FIG. 4, one CPU may have m 
(arbitrary number) CPU cores. Further, one CPU core may 
have a function of executing n (arbitrary number) threads 
simultaneously. 
The “n” indicating the number of threads in each CPU is 

just a symbol representing any number, and 'n' Sometimes 
represents the same number and sometimes different num 
bers. 

Further, as is clear from FIG. 5, one information processing 
unit (information processing unit 1000 in the example of FIG. 
5) may have N (arbitrary number) CPUs. Further, each CPU 
reads a program from a storage section 200 which is a com 
puter-readable recording medium so as to perform its opera 
tion. 

Next, operation of the present embodiment will be 
described with reference to the block diagram of FIG. 1, 
flowcharts of FIGS. 2 and 3, and an image view of FIG. 6. 

FIGS. 2 and 3 illustrates an operation flow according to 
which the load on the CPU 100 is measured for transition to 
the power saving State. 

In the present invention, the exemplary embodiment 
executes the following operations so as to reduce power con 
Sumption. The processing of respective operations may be 
performed by any of cores in each CPU. Further, a hardware 
and software other than a CPU to be measured may be used to 
perform the following operations. 
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4 
(1) First, the loads on the threads in each CPU provided in 

the information processing unit are measured (step A301). 
The load on the thread refers to the number of CPU cycles 
consumed for thread execution within a given period of time. 
In this regard, a description will be given with reference to 
FIG. 6. As illustrated in FIG. 6, the use state of internal 
resources of each thread changes from moment to moment as 
the CPU cycle advances. Under such a situation, by counting 
the number of CPU cycles consumed for thread execution 
within a given period of time, the load on the thread can be 
measured. The length of the given period of time may arbi 
trarily be determined by a user. Further, another method may 
be used to measure the load on the thread as long as the scope 
of the present invention is not changed. 

Then, it is confirmed whether the measurement of the load 
on each thread has been completed, and the measurement in 
step A301 is repeated until completion of the measurement 
(step A302). 

(2) The number of high load threads (load-load upper limit 
threshold) and the number of low load threads (load-load 
lower limit threshold) are checked for each CPU core (steps 
A303 and A304). As the load upper limit threshold and load 
lower limit threshold, arbitrary values may be set by a user. 
Further, any of the load upper limit threshold and load lower 
limit threshold may be checked first. Thus, the order of steps 
A303 and A304 may be interchanged. 

(3) Then, a candidate CPU core to be shifted to the power 
saving state is identified (step A305). This is determined 
whether the candidate CPU core satisfies a condition (number 
of high load threads<high load thread number threshold and 
number of low load threads<low load thread number thresh 
old). As the high load thread number threshold and low load 
thread number threshold, arbitrary values may be set by a 
user. In the case where there exists any candidate CPU core 
that satisfies the condition (YES in step A305), the flow 
advances to step A306. On the other hand, in the case where 
there is no candidate CPU core that satisfies the condition 
(NO in step A305), the flow shifts to step A309. 

(4) Then, it is checked whether the candidate CPU core can 
be shifted to the power saving state (step A306). This is 
determined whether a condition (total number of low load 
threads in other CPU cores total number of high load threads 
in the candidate CPU core) is satisfied. In the case where the 
condition is satisfied (YES in step A306), the flow advances to 
step A307. On the other hand, in the case where the condition 
is not satisfied (NO in step A306), the flow shifts to step A309. 

(5) The high load threads in the candidate CPU core are 
replaced with the low load threads in the other CPU core to 
make the candidate CPU core shift to the low load state (step 
A307). 

(6) The candidate CPU core is made to shift to the power 
saving state (step A308). 

(7) It is confirmed whether all the CPU cores in the CPU 
have been checked (step A309). In the case where all the CPU 
cores in the CPU have been checked (YES in step A309), the 
flow ends. On the other hand, not all the CPU cores in the CPU 
have been checked (NO in step A309), the flow shifts to step 
A3O3. 

With the above operation, the CPU shifts to the power 
saving state in an appropriate manner, thereby realizing a 
reduction in power consumption of the information process 
ing unit. 
As described above, according to the present exemplary 

embodiment, the following effects can be obtained. 
The first effect is to realize a reduction in power consump 

tion of an information processing unit having an SMT-en 
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abled CPU by adding a simple function. This is because it is 
possible to easily replace a thread with another thread in an 
appropriate manner. 
The second effect is to realize a reduction in power con 

Sumption in accordance with a modification of the configu 
ration of the information processing unit or characteristics of 
executed Software. This is because various conditions such as 
a threshold or time length for determining the load state of the 
thread can arbitrarily be changed by a user. 

The power consumption reduction device for an informa 
tion processing unit according to the exemplary embodiment 
of the present invention can be realized by a hardware. Alter 
natively, the power consumption reduction device can be 
realized when a computer reads a program allowing the com 
puter to function as the power consumption reduction device 
for the information processing unit from a computer-readable 
recording medium and executes the program. 

Further, the power consumption reduction method for an 
information processing unit according to the exemplary 
embodiment of the present invention can be realized by a 
hardware. Alternatively, the power consumption reduction 
method can be realized when a computer reads a program 
allowing the computer to execute the method from a com 
puter-readable recording medium and executes the program. 
The above exemplary embodiment is a preferred exem 

plary embodiment of the present invention. However, the 
present invention is not limited to the above exemplary 
embodiment but may be variously modified without depart 
ing from the scope of the present invention. 
The whole or part of the exemplary embodiments disclosed 

above can be described as, but not limited to, the following 
supplementary notes. 

(Supplementary note 1) A power consumption reduction 
method for reducing power consumption of a processing unit 
including a plurality of processor cores in an information 
processing unit, the method comprising: measuring the loads 
on threads that are running in the plurality of cores; checking 
the number of high load threads which are threads in a high 
load state and the number of low load threads which are 
threads in a low load state for each core, on the basis of the 
measuring results; selecting, when there exists a core having 
high load threads whose number is less thana preset threshold 
on the number of high load threads, the core as a candidate 
core; and replacing the high load threads existing in the can 
didate core with the low load threads existing in other cores 
when the total number of the low load threads in a core other 
than the candidate core is not less than the number of the high 
load threads in the candidate core. 

(Supplementary note 2) The power consumption reduction 
method according to Supplementary note 1, wherein the can 
didate core is made to shift to the power saving state after the 
replacement of the threads. 

(Supplementary note 3) The power consumption reduction 
method according to Supplementary note 1 or 2, wherein, 
when the candidate core is selected, as the candidate core, a 
core having high load threads whose number is less than a 
preset threshold on the number of high load threads existing 
in a core and having low load threads whose number is more 
than a preset threshold on the number of low load threads 
existing in the core is selected. 

(Supplementary note 4) The power consumption reduction 
method according to any one of Supplementary notes 1 to 3. 
wherein a thread to which a load having a value more than an 
arbitrarily set load upper limit threshold is determined as the 
high load thread, and a thread to which a load having a value 
less than an arbitrarily set load lower limit threshold is deter 
mined as the low load thread. 
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(Supplementary note 5) The power consumption reduction 

method according to any one of Supplementary notes 1 to 4. 
wherein the processing unit is a plurality of processing units 
provided in the information processing unit, and the method 
is performed for the plurality of processing units. 

(Supplementary note 6) An information processing unit 
comprising: a processing unit including a plurality of proces 
Sor cores; and a power consumption reduction device config 
ured to reduce power consumption of the processing unit, 
wherein the power consumption reduction device: measures 
the loads on threads that are running in the plurality of cores; 
checks the number of high load threads which are threads in 
a high load state and the number oflow load threads which are 
threads in a low load state for each core, on the basis of the 
measuring results; selects, when there exists a core having 
high load threads whose number is less thana preset threshold 
on the number of high load threads, the core as a candidate 
core; and replaces the high load threads existing in the can 
didate core with the low load threads existing in other cores 
when the total number of the low load threads in a core other 
than the candidate core is not less than the number of the high 
load threads in the candidate core. 

(Supplementary note 7) The information processing unit 
according to Supplementary note 6, wherein the power con 
sumption reduction device enables the candidate core to shift 
to the power saving state after the replacement of the threads. 

(Supplementary note 8) The information processing unit 
according to supplementary note 6 or 7, wherein, when the 
candidate core is selected, the power consumption reduction 
device selects, as the candidate core, a core having high load 
threads whose number is less than a preset threshold on the 
number of high load threads existing in a core and having low 
load threads whose number is more than a preset threshold on 
the number of low load threads existing in the core. 

(Supplementary note 9) The information processing unit 
according to any one of Supplementary notes 6 to 8, wherein 
the power consumption reduction device determines a thread 
to which a load having a value more than an arbitrarily set 
load upper limit threshold as the high load thread, and deter 
mines a thread to which a load having a value less than an 
arbitrarily set load lower limit threshold as the low load 
thread. 

(Supplementary note 10) The information processing unit 
according to any one of Supplementary notes 6 to 9, wherein 
the processing unit is a plurality of processing units. 

(Supplementary note 11) A non-transitory computer-read 
able medium stored therein a program for enabling a com 
puter to execute a power consumption reduction method for 
reducing power consumption of a processing unit including a 
plurality of processor cores in an information processing unit, 
the method comprising: measuring the loads on threads that 
are running in the plurality of cores; checking the number of 
high load threads which are threads in a high load State and the 
number of low load threads which are threads in a low load 
state for each core, on the basis of the measuring results; 
selecting, when there exists a core having high load threads 
whose number is less thana preset threshold on the number of 
high load threads, the core as a candidate core; and replacing 
the high load threads existing in the candidate core with the 
low load threads existing in other cores when the total number 
of the low load threads in a core other than the candidate core 
is not less than the number of the high load threads in the 
candidate core. 

(Supplementary note 12) The non-transitory computer 
readable medium according to Supplementary note 11, 
wherein the candidate core is made to shift to the power 
saving state after the replacement of the threads. 
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(Supplementary note 13) The non-transitory computer 
readable medium according to Supplementary note 11 or 12, 
wherein, when the candidate core is selected, as the candidate 
core, a core having high load threads whose number is less 
than a preset threshold on the number of high load threads 
existing in a core and having low load threads whose number 
is more than a preset threshold on the number of low load 
threads existing in the core is selected. 

(Supplementary note 14) The non-transitory computer 
readable medium according to any one of Supplementary 
notes 11 to 13, whereina thread to which a load having a value 
more than an arbitrarily set load upper limit threshold is 
determined as the high load thread, and a thread to which a 
load having a value less than an arbitrarily set load lower limit 
threshold is determined as the low load thread. 

(Supplementary note 15) The non-transitory computer 
readable medium according to any one of Supplementary 
notes 11 to 14, wherein the processing unit is a plurality of 
processing units provided in the information processing unit, 
and the power consumption reduction method is performed 
for the plurality of processing units. 

REFERENCE SIGNS LIST 

100, N00: CPU 
110, 120, 1m0: CPU core 
111, 112, 11n, 121, 122, 12n, 1 m1, 1m2, 1min: Thread 
200: Storage section 
1000: Information processing unit 

The invention claimed is: 
1. An information processing unit comprising: 
a processing unit including a plurality of processor cores; 

and 
a power consumption reduction device configured to: 

reduce power consumption of the processing unit; 
measure a load on each of threads that are running in the 

plurality of cores, by determining a Sum of numbers of 
CPU cycles consumed for execution of said each of 
threads across a plurality of internal resources of the 
information processing unit within a given period of 
time, said plurality of internal resources being other 
than said plurality of cores, and a configuration of said 
plurality of internal resources not changing during the 
load measuring period; 

check a number of high load threads which are threads in 
a high load State and a number of low load threads 
which are threads in a low load state for each core, on 
a basis of the measuring results; 

select, when a first condition is satisfied that there exists 
a certain core having high load threads whose number 
is less than a preset threshold on the number of high 
load threads, the certain core as a candidate core; 

determine whether a second condition that a total num 
ber of low load threads existing in one or more cores 
other than the candidate core is not less than the num 
ber of the high load threads in the candidate core is 
satisfied; and 

Swap all the high load threads existing in the candidate 
core with the low load threads spreading over said one 
or more cores other than the candidate core and then 
shift the candidate core to a power saving state when 
the second condition is satisfied, wherein 

when the number of the high load threads in the candidate 
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is carried out between the candidate core and each of the 
plurality of cores other than the candidate core. 

2. The information processing unit according to claim 1, 
wherein, 

said condition is that there exists a certain core having high 
load threads whose number is less than a preset thresh 
old on the number of high load threads existing in the 
certain core and having low load threads whose number 
is greater than a preset threshold on the number of low 
load threads existing in the certain core. 

3. The information processing unit according to claim 1, 
wherein 

the power consumption reduction device determines a 
thread to which a load having a value greater than an 
arbitrarily set load upper limit threshold as the high load 
thread, and determines a thread to which a load having a 
value less than an arbitrarily set load lower limit thresh 
old as the low load thread. 

4. A power consumption reduction method for reducing 
power consumption of a processing unit including a plurality 
of processor cores in an information processing unit, the 
method comprising: 

measuring a load on each of threads that are running in the 
plurality of cores, by determining a sum of numbers of 
CPU cycles consumed for execution of said each of 
threads across a plurality of internal resources of the 
information processing unit within a given period of 
time, said plurality of internal resources being other than 
said plurality of cores, and a configuration of said plu 
rality of internal sources not changing during the load 
measuring period; 

checking a number of high load threads which are threads 
in a high load State and a number of low load threads 
which are threads in a low load state for each core, on a 
basis of the measuring results; 

selecting, when a first condition is satisfied that there exists 
a certain core having high load threads whose number is 
less than a preset threshold on the number of high load 
threads, the certain core as a candidate core; 

determining whether a second condition that a total num 
ber of low load threads existing in one or more cores 
other than the candidate core is not less than the number 
of the high load threads in the candidate core is satisfied; 
and 

Swapping all the high load threads existing in the candidate 
core with low load threads spreading over said one or 
more cores other than the candidate core and then shift 
ing the candidate core to a power saving state when the 
second condition is satisfied, wherein 

when the number of the high load threads in the candidate 
core is greater than one and there exists a plurality of 
cores, over which the low load threads spread, the swap 
ping of all the high load threads and the low load threads 
is carried out between the candidate core and each of the 
plurality of cores other than the candidate core. 

5. The power consumption reduction method according to 
claim 4, wherein, 

said condition is that there exists a certain core having high 
load threads whose number is less than a preset thresh 
old on the number of high load threads existing in the 
certain core and having low load threads whose number 
is greater than a preset threshold on the number of low 
load threads existing in the certain core is selected. 

6. The power consumption reduction method according to 
core is greater than one and there exists a plurality of 65 claim 4, wherein 
cores, over which the low load threads spread, the swap 
ping of all the high load threads and the low load threads 

a thread to which a load having a value greater than an 
arbitrarily set load upper limit threshold is determined as 
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the high load thread, and a thread to which a load having 
a value less than an arbitrarily set load lower limit thresh 
old is determined as the low load thread. 

7. The power consumption reduction method according to 
claim 4, wherein 

the processing unit is a plurality of processing units pro 
vided in the information processing unit, and the method 
is performed for the plurality of processing units. 

8. A non-transitory computer-readable medium stored 
therein a program for enabling a computer to execute a power 
consumption reduction method for reducing power consump 
tion of a processing unit including a plurality of processor 
cores in an information processing unit, the method compris 
ing: 

measuring a load on each of threads that are running in the 

5 

10 

plurality of cores, by determining a sum of numbers of 15 
CPU cycles consumed for execution of said each of 
threads across a plurality of internal resources of the 
information processing unit within a given period of 
time, said plurality of internal resources being other than 
said plurality of cores, and a configuration of said plu 
rality of internal resources not changing during the load 
measuring period; 

checking a number of high load threads which are threads 
in a high load State and a number of low load threads 

10 
which are threads in a low load state for each core, on a 
basis of the measuring results; 

selecting, when a first condition is satisfied that there exists 
a certain core having high load threads whose number is 
less than a preset threshold on the number of high load 
threads, the certain core as a candidate core; 

determining whether a second condition that a total num 
ber of low load threads existing in one or more cores 
other than the candidate core is not less than the number 
of the high load threads in the candidate core is satisfied; 
and 

Swapping all the high load threads existing in the candidate 
core with the low load threads spreading over said one or 
more cores other than the candidate core and then shift 
ing the candidate core to a power saving state when the 
second condition is satisfied, wherein 

when the number of the high load threads in the candidate 
core is greater than one and there exists a plurality of 
cores, over which the low load threads spread, the swap 
ping of all the high load threads and the low load threads 
is carried out between the candidate core and each of the 
plurality of cores other than the candidate core. 

k k k k k 


